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Å Yourmicrophones will bemutedduringthe 
event

Å Wewill have Q&A sessions 

Å You can askyourquestions in the Question box 
at anytimeduringthe event(seebottom right 
of the screen)

Å You can alsovote for questions askedby others

Å Slides will besharedon our website: 
https://nemoship.eu/results/

HOUSEKEEPING

https://nemoship.eu/results/


9:00 to 9:15 - Welcomeand NEMOSHIP introduction (CEA)

9:15 to 9:50 - Keynote presentationon safetyof batteries (CEA) and Q&A

9:50 to 10:20 - Marine batteries safetyand characterisation(Corvus / Cidetec) and Q&A

Coffee break - 10:20 to 10:35

10:35 to 11:10 - Innovation 1: Heterogeneousbattery systemsand dedicatedcontrol (CEA / Solstad / Elkon)
Å Sizinga heterogeneousbatterysystem to fit the vesselneeds
Å Control solution developpedfor increasedBESS lifetime (BPMS ςBattery Power Management System)
Å Battery system installation on Normand Drott vessel
Å Q&A

11:10 to 11:45 - Innovation 2: NEMOSHIP Digital Platform for optimal battery operations(Siemens / Ponant)
Å Overviewof the platform capabilities
Å Preliminary feedback followingdeploymenton Le Commandant Charcot vessel
Å Q&A

11:45 to 12:15 - Applicability to full electricuse cases(SDI / Elkon) and Q&A

12:15 to 12:30 - Closing

AGENDA



NEMOSHIP INTRODUCTION

Solène Goy, CEA



NEMOSHIP

Title NEwMOdularelectrical architecture & digital platform to optimise large battery systems on 
SHIPs

Call ID HORIZON-CL5-2022-D5-01-01 - Exploiting electrical energy storage systems and better 
optimising large battery electric power within fully battery electric and hybrid ships (ZEWT 
Partnership)

Type Innovation Action

Lead CEA

Duration 4 years - 01/01/2023 to 31/12/2026

Total cost 11.3 M Euros

EU contribution 7.9 M Euros

PROJECT DATA



PROJECT EXPECTED OUTCOMES

2 main innovativesolutions:

Å A modular and standardised
battery energy storage solution
enabling to exploit different types
of batteries(HEandHP)

Å A cloud-based digital platform
enablinga data-driven optimal and
safeexploitation

HE: High-Energy 
Optimized for sustained energy delivery, suitable for longer voyages and continuous operation.

HP: High-Power 
Designed for rapid discharge and charge cycles, ideal for dynamic marine applications.



PROJECT EXPECTED OUTCOMES

2 main innovativesolutions:

Å A modular and standardised
battery energy storage solution
enabling to exploit different types
of batteries(HEandHP)

Å A cloud-based digital platform
enablinga data-driven optimal and
safeexploitation

ĄDemonstrate their maturity for 
hybrid ships at TRL 7 and their 
adaptability for full-electric ships



PROJECT EXPECTED OUTCOMES

2 main innovativesolutions:

Å A modular and standardised 1.1
MWh battery energy storage
solution enabling to exploit
different typesof batteries(HEand
HP)

Å A cloud-based digital platform
enablinga data-driven optimal and
safeexploitation

ĄDemonstrate their maturity for 
hybrid ships at TRL 7 and their 
adaptability for full-electric ships

Normand Drott vessel

Le Commandant Charcot vessel



CONSORTIUM

Consortium:

Å 6 countries

Å 11 complementarypartners

Covering the entire value chain:

Å 3 ResearchTechnology
Organization(CEA, VUB, Cidetec)

Å 1 SME (SDI)

Å 7 privatelarge groups (Siemens, 
Corvus, Elkon, Solstad, Equinor, 
Ponant, In Extenso)



WORKPLAN

Today:
ÅWP2 Digital Platform 

development
ÅWP3 Modularand 

heterogeneousBESS
ÅWP4 Control algorithms
ÅWP5 and 6 Demonstration
ÅWP7 Full electricuse cases



KEYNOTE PRESENTATION ON SAFETY OF BATTERIES 

Magali Reytier, CEA



Disposition : Titre CEA liten

Methodologies for Li -ion modules thermal runaway
understanding and mitigation 

29th january 2026 ïNEMOSHIP project ïGrenoble



Disposition : FIN

magali.reytier@cea.fr

Electricity and Hydrogen for Transportation Division

CEA Grenoble

Thank you

mailto:magali.reytier@cea.fr


29th january 2026 ïNEMOSHIP project ïGrenoble

Disposition : Titre et contenu

Highlight on Li -ion batteries safety issues

u Rapidly increasing number of Li-ion batteries

u Higher volumicand gravimetric power & energy density

u Number of usages : consumer, transportation, energy storage from Wh to MWh

Context of battery usage 

High level of safety expected 

Car accidents

u Over the whole Value Chain and Life Cycle : manufacturer, stakeholders, users, 
recycle industry

u Li-ion battery fires that received large media coverage in the last two decades 

ReviewðMeta-Review of Fire Safety of Lithium-Ion Batteries: Industry Challenges and Research Contributions, 

Laura Bravo Diaz et al 2020 J. Electrochem. Soc. 167 090559

Underground parks storages
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Disposition : Titre et contenu

u Cell material reactivity, SoC and SoH

uModule and Pack design

u Venting, ignition, mitigation

u Environment

Factors of influence on TR and consequences

Highlight on Li -ion batteries safety issues

Wang et al, Progress in Energy and combustion science 73 (2019) 95-131

Mechanical

Electrical

Thermal

External abuse

Internal defect

Heat release

Particles release

Gas release

Thermal runaway (TR) evolution at cell level
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Disposition : Titre et contenu

uValidation tests
- Multi -cell & module
ÁPressure evolution
ÁVent operation
ÁCell to cell propagation

uModel reduction for 
system analysis & design

uOut-of-cell
- Interaction
ÁCell to wall heat
ÁCooling agents
ÁFlame characteristics
ÁDeflagration

- Propagation
- Cell -> Cell

uCombustion
- Kinetic modeling 

of laminar 
flames

uCFD model at module scale
- Turbulent URANS
- Diffusion/Premixed 

combustion
- Particles heat and mass
- Cooling fluids

uCell Safety tests
- Abuse conditions
ÁhǾŜǊƘŜŀǘΣ ƴŀƛƭΣΧ

- Characterization of 
ÁPressure
ÁTemperature, 
Á gases, particles

uCell safety multi-physic 
models
- Thermodynamic and kinetics
- Electrochemical 
- Electro kinetic
- Thermal

uMaterial characterization
- Material degradation & interaction
- XRD, DSC, ATG-a{Σ !w/Χ 
- Gas saturation, vapor pressure
- Flash point, flame velocity

uBattery material models
Thermodynamic and kinetic 
models of degradation 
reactions and phase change.

Toward a more predictive approach 

from material to the system scale

Ensure a high level of safety for Li-

ion batteries

Highlight on Li -ion batteries safety issues
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Disposition : Titre et contenu

17

- Conduction (tabs, holder)

- Convection (hot gases; jet flame, 

particles)

- Radiation

Time (s)

T Target

Cell

(K) OK

NOK
?

- Heating

- Self heating criteria

- Internal propagation

- Reaction kinetics & calorimetry 

- Solid / gas evolution

- Mechanical behavior (vent, casing)

1. TR of the first cell

2. Heat and mass is transported

TR propagation at module or pack level : Can we assess and predict the different steps ?

- Jet flame, fire

- Radiative impact

- ATEX, overpressure

- Toxic releases

- Structural integrity

t0 + 11ô05ôô 

Č Violentes flammes par 

le venting module et trou 

du casing, projection de 

matière en fusion 

 

 3x 7S Module Propagation studies at CEA with 50 A.h Li-ion prismatic cells

Highlight on Li -ion batteries safety issues

Qcond

QTR

Qcond

QconvQrad

3. Impact (TR?) of other cells

4. External effects

5. Detection and mitigation
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Disposition : Titre et contenu

1. Advanced characterization of thermal 
runaway of a single cell

Energy and mass release during TR characterization in closed calorimeters

Closed vessel calorimeter form 
0.5 L to 1400 L

Å Temperature & voltage evolution

Å Heat balance : cell, ejectas

Å Mass balance : gas, particles



29th january 2026 ïNEMOSHIP project ïGrenoble

Disposition : Titre et contenu

1. Advanced characterization of thermal 
runaway of a single cell

Thermal runaway energy release for 22 tests
NMC prismatic & pouch from 53 Ah to 155 Ah,
overtemperature and overcharge , under vacuum

TR energy versus stored electrical energy at TR :

DETR/E@TR =1.25 (R2=0.95)

Gaz amount versus stored electrical energy at TR :

Qg /E@TR =4.9 ³10-3 mol·kJ-1 (R2=0.92)

Dubourg S. et al, Fire Safety Journal, 2025, special issue ISFEH11



29th january 2026 ïNEMOSHIP project ïGrenoble

Disposition : Titre et contenu

1. Advanced characterization of thermal 
runaway of a single cell

Impact of atmosphere (vacuum, nitrogen , air)
on gas and energy releases

TR energy versus stored electrical energy at TR : Gaz amount versus stored electrical energy at TR :

Á In N2 DETR/E@TR = 1.25 (as in vacuum)

Á In air DETR/E@TR = 5 (more spread results)

Á In N2 Qg /E@TR =5.7 ³10-3 mol·kJ-1 (R2=0.92)

Á In air Qg /E@TR =4.2 ³10-3 mol·kJ-1

Á In vacuum Qg /E@TR =4.9 ³10-3 mol·kJ-1

Dubourg S. et al, Fire Safety Journal, 2025, special issue ISFEH11
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Disposition : Titre et contenu

21

Improve the understanding the internal 

space-time evolution of TR 

T0+0,04s

@CEA 

calorimeter

Under high-speed X-ray

Charbonnel J. et al., ACS Applied Energy Materials 5, no 9, 10862-71 (2022).

Darmet N. et al., ACS Applied Energy Materials 7, no 10, 4365-75 (2024)

1. Advanced characterization of thermal 
runaway of a single cell

Operando high speed X-Ray (ESRF)
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Disposition : Titre et contenu

22

Venting and jet flame space-time 

evolution of TR 

1. Advanced characterization of thermal 
runaway of a single cell

Fast camera imaging (Visible and Infra -red )

Electrolyte ejection Gas and particules ejection Ignition

Particles tracking Average particles velocity

Flame extension

Automatic particles tracking and 

average velocity determination

L.Sponem PhD Thesis

L.Sponem et al, Proceedings ISFEH11, june 2025
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Disposition : Titre et contenu

1. Advanced characterization of thermal 
runaway of a single cell

Particles emissions characterization

Density and specific surface area

T. Grossetete et al, J. of energy storage, vol 124, 2025, 116666
Size distribution Elementary composition vs. size



29th january 2026 ïNEMOSHIP project ïGrenoble

Disposition : Titre et contenu

2. Heat and mass transfer from TR cell 
to surroundings

Heat transfer characterization and modeling

Ejecta impact on instrumented plate

Literature data spread (w/o particles)
Model sensitivity (Eulerian vs. Lagrangian)

Ejecta impact on the front plate
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Disposition : Titre et contenu

3. Onset and internal TR in target cells

Heattransfer from surroundings

Internal selfheatingmodel (DSC/ATGbased)

Ridha Omrani. Experimental study and modeling for the safety of Li-ion batteries. Material chemistry. 

Université Grenoble Alpes, PhD Thesis, 2022

Cellandstackthermal properties

Temperature evolution during TR in cylindrical, and a 
prismatic cell

(°C) (°C)

Juliette Charbonnel et al. Chemical Engineering Journal 494 (2024) 153234
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Disposition : Titre et contenu

1+2+3 : Methodology for module propagation simulation

Heat and mass transfer 
from to surroundings

Onset and internal 
propagation

Cell thermal runaway 

Model comparison to experiments from Schöberlet al., 2024, 
eTransportation19: 100305

E.Yhuel et al, Proceedings ISFEH11, june 2025
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Disposition : Titre et contenu

4. External effects

Jet flame characterization

2 flame regimes (HD camera)

Unstable
lifted jet

Attached stable flame 
jet

Unstable lifted jet then attached 
stable flame jet

Measured temperatures and heat flux

L.Sponem et al, Proceedings ISFEH11, june 2025
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Disposition : Titre et contenu

4. External effects

Shock wave in open field

J.Charbonnel PhD Thesis, Université Grenoble Alpes, 2024

Cylindrical 18650 GEN3
Gr| NMC
tTR ~ 500 ms

Cylindrical 18650 ASSB
ὒὭ|NMC
tTR ~ 10 ms

Measured aerial overpressure Kinney & Graham scaling law
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Disposition : Titre et contenu

propagation

Koch et al, Batteries 2018, 4, 16

- Ongoing Multiphysic approach

- From cell alone to cell in a module or pack

- Try to detect as soon as possible (R100.3)

- Different signals and thresholds

- Detection to be optimized with cell capacity,

pack design

5. Detection and mitigation
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Disposition : Titre et contenu

without

CO2

water

without

CO2

water

Water cooling >> CO2

Gas and particules to be taken into account

Other extinguishing and cooling media under study

5. Detection and mitigation

Obstacles temperature
Cell temperature
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Disposition : Titre et contenu

31

Necessity to get quantitative and reliable experimental characterizations 

on these 5 steps and to consolidate through predictive modeling

TR propagation at module or pack level : Can we assess and predict the different steps ?

CONCLUSION



Disposition : FIN

magali.reytier@cea.fr

Electricity and Hydrogen for Transportation Division

CEA Grenoble

Thank you

mailto:magali.reytier@cea.fr


Q&A FOR
Keynote presentation on safety of batteries / Magali Reytier, 
CEA



MARINE BATTERIES SAFETY

Lars Petter Larsen, Corvus



Lars Petter Larsen

Global Service Program Manager

Presented by

Transforming battery safety 
and design with advanced 
analytics and digital twins

NEMOSHIP 2026



Safety
& Design



Driving safety further

Continuous
Improvement
Learning from 800+ projects
Sustainable Engineering

Continuous Monitoring
ESS performance analysis via 
Vessel Information Portal data

Information Sharing
Classification Societies
Shipowners
System Integrators
Authorities

In -house Competence
R&D
Maritime DNA
Risk analysis
FMEA

Emergency
Management
24/7 support
Emergency response team
Specialists teams

Quality Control
ISO Qualified
Multi stage development
Testing

ESS
Safety



Driving safety 
on all levels

Examples

Design Phase

Å Close cooperation

Å Sizing according to the 
operational profile

Å Application engineering 

Å HAZID

Å Pre -installation check

System

Å Cell chemistry

Å Single cell TR insulation

Å BMS (Battery 
Management System)

Å Continuous Monitoring

Battery Room

Å Class requirements

Å Cooling

Å Gas detection

Å Fire extinguishing system

Å Monitoring

Operations

Å Online monitoring

Å Safety training of crew 
and operators

Å Emergency response team



v

TR gas is easily vented to external atmosphereCell -level Insulation

Passive Single -Cell Thermal Runaway Insulation
Integrated thermal runaway (TR) gas exhaust system

System Safety



v

Passive Single -Cell Thermal Runaway Insulation
Corvus design exceeds class level requirements

System Safety

Module -level 
TR Insulation

Cell -level
TR Insulation



v

Passive Single -Cell Thermal Runaway Insulation
Corvus design exceeds class level requirements

System Safey

Class requirement: 
module-level TR Protection

How Corvus Passive -Single Cell 
Propagation protection works

Å Each cell is thermally isolated 
from neighboring cells

Å Debris ejected from a cell in TR 
will not create cascading events

Å Hot gasses emitted from the TR cell are 
ǪțǍɅɅǸȺǸǱ ʌɐ ʌțǸ ɃɐǱʔȺǸẏɾ ǸʲțǍʔɾʌ ɳɐɶʌ

Å Cell fuses on both positive and negative 
terminals of the cell

Corvus standard: 
cell-levelTR Protection

Exceeding class
requirements



v

Design Feature

Battery Cell Chemistry
Comparison charts : NCM, LFP and LTO

NMC LFP LTO



Cell Balancing

Corvus Battery Management System
BMS enhances the basic cell chemistry

System Safety

Example

Specific
Energy

Specific
Power

Safety

Perform
ance

Life
Span

Cost (Availability of

high current)

(Wh/kg)

BMS cell balancing enhances 
performance, life span and safety

Monitoring and equalizing the voltages 
and state of charge among the cells helps 
to prevent damage and optimizes function



Monitors

Corvus Battery Management System
Industry -proven , state -of -the -art BMS

System Safety

Cell
Temperature

Voltage Current

Charge / 
Discharge Limits

Safety 
Disconnect

Key Benefits

Supports system safety, lifetime 
and operational predictability

Supports 
Lifetime



v

Modularized design, where cell -agnostic 
components can be applied across 
product lines offers many benefits.

Modular design supports improved:

Å Product quality

Å Performance reliability

Å Cost efficiency

Å Production timelines

Modular Design Approach
Supports quality and cost efficiency

New Design

Dolphin Energy 
NxtGen ESS

Blue Whale
ESS



Scope

Battery safety 
and design

ÅOptimal size with digital twin

Å Load profiles: Simple and complex

Å Tuning parameters

ÅOptimal operation with advanced 
analytics and digital twin

ÅOperational profile can be different

Å How to optimize performance and lifetime

ÅDiagnostics and prognostics 



Digital Twin
A digital model of a 
physical battery system

Given the operational profile, 
the digital twin model can:

Å Simulate the electrical and thermal performances

Å Simulate the degradation over time

Å Takes BMS (Battery Management System) 
limits into account

Digital
Twin

of a Corvus 
Battery System

Configuration
Product type, No. of modules 
and packs, SOC and SOH limits

Operational Profile
Time vs. Power/Current

Initialization
SOH, SOC, Temperature

Performance
Electrical & Thermal 
Degradation



Digital Twin Model

Å Load profile can be a simple profile or a combination of 
multiple profiles in a desired sequence over a 10 -year time

Å Includes both short -term performance as well as 
long -term degradation phenomena

Å Can be configured for a desired product. 
Examples: Corvus Orca, Blue Whale or Dolphin NxtGen ESS

Orca
Dolphin NxtGenBlue Whale



Digital Twin for optimal 
battery system design 

Å Accurate profile as an input over 10 years

Å Optimal SOC operating range over the time

Å Detailed insight into BOL and EOL performances



Practical use cases:

Å Load profile at the time of battery system sizing 
was underestimated

Å Change of operational route for the vessel

Å Onshore charging infrastructure

Å Additional operational modes for hybrid vessels

Digital twin can predict the Remaining 
Useful Life of an existing battery system

Å Based on the present SOH

Å Future operational conditions

Digital Twin for battery system
Remaining Useful Life (RUL) estimation



Data Analytics
Data from more than 500 Corvus battery 
systems is logged and stored in the Cloud

Å Average battery system size is ~1MWh

Å For ~1MWh battery system:

Å ~1850 cell voltages, cell temperatures, SOCs etc. 

Å Pack currents, Ambient temperature

Å Event logs

Å Data sampling rate is ~1sec.

Å 25 detectors continuously monitoring 
field data for anomalies
This increases battery safety by reducing downtime 
and identifying issues before they become safety risks



Digital State of 
Health Testing ave

time and cost

V Saves time and cost

V Data -backed and DNV -accepted

V Highly efficient and accurate

V Makes more frequent testing a viable option 

to support safety and predictable operation, 

especially toward the end of system life

Key Benefits

Conduct class -required battery
system State of Health (SOH)
tests digitally, without taking
the vessel out of operation .

Advanced 
Analytics



Thank you !



MARINE BATTERIES CHARACTERISATION

Pilar Meneses, Cidetec



BATTERY CHARACTERISATION

Testing activities at CID lab

CorvusOrca Energy CorvusDolphin Energy

ORCA: (NMC)
DOLPHIN NextGen Energy: (NMC)
DOLPHIN NextGen Power: (NMC)

https://corvusenergy.com/products

CorvusDolphin Power
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